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Abstract
Significant attention has focused on the possibility that climate change will displace large
populations in the developing world, but few multivariate studies have investigated climate-
induced migration. We use event history methods and a unique longitudinal dataset from the rural
Ethiopian highlands to investigate the effects of drought on population mobility over a ten-year
period. The results indicate that men’s labor migration increases with drought and that land-poor
households are most vulnerable. However, marriage-related moves by women also decrease with
drought. These findings suggest a hybrid narrative of environmentally-induced migration that
recognizes multiple dimensions of adaptation to environmental change.
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1. INTRODUCTION
For agricultural and other natural resource-dependent households in the developing world,
drought is an important negative shock that can undermine livelihoods and well-being
despite the use of various coping strategies. In semi-arid countries of Sub-Saharan Africa,
droughts are frequent and their effects are magnified by deep rural poverty, limited
government capacity and exposure to additional political, economic and health shocks
(Dercon et al. 2005; Kazianga & Udry 2006). Historical, qualitative and anecdotal accounts
indicate that migration and population mobility have been a common response to drought, as
falling agricultural and animal production pushes households and individuals to seek new
opportunities elsewhere (Hugo 1996; Laczko & Aghazarm 2009). A growing concern is that
climate change will magnify this process through increased rainfall variability, displacing
millions of climate-induced migrants (Myers 2002; Warner et al. 2009). These predictions
have been widely cited but also criticized for relying on sparse documentation (Black 2001;
Kniveton et al. 2008), creating significant doubt as to the likely scope of the problem.
Fortunately, a small number of quantitative studies have recently provided new insight into
these issues. These studies have combined large-scale household surveys, environmental
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data sources and multivariate methods to convincingly address the consequences of drought
and other environmental factors for population mobility1 (e.g., Halliday 2006; Massey et al.
2010). These studies confirm the importance of drought for mobility, but also indicate that
household responses to drought are considerably more complex than is commonly assumed.
Rural households have access to many strategies other than mobility with which to respond
to drought (Roncoli et al. 2001), and in some cases drought can actually reduce mobility
(Henry et al. 2004; Gray & Bilsborrow 2010).
We contribute to this literature by investigating the consequences of drought for population
mobility in the rural Ethiopian highlands. This region is of particular interest given its
endemic poverty, high population pressure on land resources and exposure to recurrent
droughts (World Bank 2005). To address this issue we draw on a unique longitudinal
household survey, the Ethiopian Rural Household Survey (ERHS), which has repeatedly
interviewed 1500 rural households since 1994 (Dercon & Hoddinott 2009). We use data
from the 1999, 2004 and 2009 rounds of the ERHS to construct mobility histories for 3,100
individuals, and then use discrete-time event history models to examine the effects of
drought on mobility while controlling for baseline characteristics and additional community-
level shocks. This period encompasses two severe droughts, in 2002 and 2008. Expanding
on previous studies, we build multiple measures of drought using survey and satellite data
sources and also test for nonlinear effects, multiple temporal lags and interactions with other
characteristics. To examine the potential for multiple mobility strategies, we consider both
the distance and motivation of moves and conduct the analysis separately for men and
women.
Together, the results provide robust evidence that drought increases long-distance and labor-
related moves by men in Ethiopia but reduces marriage-related moves by women. Below,
we interpret these results in the light of the Ethiopian cultural context and the ongoing
debate about climate-induced migration. We conclude that this case complicates the
traditional narrative of environmentally-induced migration by indicating that drought can
both increase and decrease population mobility.
2. HOUSEHOLD RESPONSES TO DROUGHT
In the rural developing world, many households are reliant on natural resources for their
livelihoods, including soil, water, plant and animal resources. Smallholder agriculturalists,
such as those of highland Ethiopia, are particularly reliant on the timing and quantity of
rainfall. Rainfall and other environmental factors tend to vary over time and space at a
variety of scales in a manner not fully predictable by households, thereby potentially
exposing them to environmental shocks such as drought which can undermine household
well-being.
Fortunately, traditional resource use systems such as the grain and enset-centered
agricultural systems of highland Ethiopia have been adapted over their long histories to
repeated environmental shocks, and households can typically access a variety of strategies to
both prepare for shocks (risk management strategies) and to respond to shocks (risk coping
strategies) (Dercon 2002). Risk management strategies include asset accumulation,
diversification of income sources, participation in risk-sharing networks and adoption of
low-risk activities. Risk coping strategies include sales of assets, intensifying livelihood
activities or adopting new ones, use of formal and informal credit, reducing non-essential
expenditures and drawing on social networks and public programs for assistance. In
1We use the term migration when referring exclusively to long-distance moves and the term population mobility when referring
collectively to all changes of residence.
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highland Ethiopia, rural households prepare for drought by accumulating livestock, planting
drought-resistant crops, and participating in traditional risk-sharing networks (Meze-
Hausken 2000; Little et al. 2006; Dercon et al. 2008). They can also respond to drought by
selling livestock, drawing on assistance from networks, delaying marriage, and accessing
publically available food aid and food-for-work programs (Webb 1993; Ezra 2001; Caeyers
& Dercon 2008).
Unfortunately, several problems commonly limit the utility of these strategies. Assets such
as livestock are “lumpy” and cannot be subdivided, thus households may be reluctant to sell.
Risk management strategies such as risk-sharing networks may have barriers to entry that
exclude the most vulnerable. Additionally, when a common shock such as a drought affects
a large area, the utility of risk-sharing networks is reduced and the value of assets may
decline. Public assistance programs are often poorly targeted and late to arrive (Clay et al.
1999; Caeyers & Dercon 2008). Due to these limitations and to deep-seated poverty, many
rural households are not able to fully insure against shocks such as drought and thus suffer
significant reductions in well-being (Dercon 2002; Kazianga & Udry 2006). Gender and age
biases can also magnify the effects of the shock for particular individuals within a household
(Quisumbing 2003).
Given the limitations of these strategies for dealing with environmental shocks, an additional
strategy that can be adopted by households or individuals either in preparation or response to
shocks is migration or local mobility. In the rural developing world, the migration of an
individual is often primarily a household-level decision, aimed at generating remittances and
reducing total consumption in the origin household (Stark & Bloom 1985). Migration allows
diversification of income sources against risk across space and often across sectors of the
economy (Rosensweig & Stark 1989), and can help overcome capital market imperfections
such as lack of credit and insurance (Taylor & Martin 2001).
Nonetheless, migration as a coping strategy potentially suffers from many of the limitations
described above: lack of access to capital or migrant networks can restrict participation
(Curran & Rivero-Fuentes 2003; Vanwey 2005). Employment opportunities in nearby
destination areas may also decline following a large-scale shock, limiting the utility of local
moves as a response to drought. Drought can also increase the costs of migration by making
farm labor more valuable in the origin area, thus reducing the attractiveness of labor
migration. Drought could additionally hinder marriage-related moves by reducing the
availability of suitable marriage partners, inflating marriage costs such as dowries, and
reducing access to the resources needed to finance a wedding (Rao 1993; Anderson 2003).
For these reasons, drought could potentially reduce rather than increase both labor and
marriage-related migration.
3. PREVIOUS STUDIES
Previous studies of environmentally-induced population mobility have largely focused on
finding an appropriate terminology (Renaud et al. 2007), methodology (Kniveton et al.
2008), and legal framework (Conisbee & Simms 2003) to consider this issue, as well as
providing preliminary evidence of the nature of environmental effects (e.g., Jager et al.
2009). Early discussions of “environmental refugees” were explicitly Neo-Malthusian and
predicted large-scale displacements based on the assumption that rural households had few
other options with which to respond to environmental change (e.g., Myers 2002). Recent
discussions have been more careful to acknowledge the substantial scope of human agency
in responding to environmental change, the existence of significant barriers to migration,
and the important role of economic and social factors in determining migration flows
(Laczko & Aghazarm 2009). Consequently, as this literature has rapidly grown over the past
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decade, predictions of large-scale human displacements have diminished and use of the term
“environmentally-induced migrants” has become more common (Renaud et al. 2007).
Despite this high level of interest, as of yet few multivariate studies have attempted to
evaluate environmental influences on population mobility. Scarcities of data on mobility and
environmental conditions in the developing world, as well as institutional barriers between
environmental studies and the social sciences, have contributed to this lacuna. Fortunately, a
small number of recent studies have successfully used survey and environmental datasets
and multivariate methods to investigate these effects. This approach allows controls for a
variety of other factors which have been shown to influence migration and mobility,
including age, gender, education, access to resources and migrant networks (Massey &
Espinosa 1997; White & Lindstrom 2005).
At least five previous studies using quantitative approaches have investigated the
consequences of drought and rainfall for population mobility. In an early study using
descriptive approaches, Findley (1994) showed that that total migration did not increase
during a drought in Mali, but did shift towards short-cycle migration and moves by women
and children. More recent studies have used multivariate methods. Munshi (2003) found that
international migration from southwestern Mexico to the United States decreased with
rainfall, which he attributed to increased origin-area opportunities in rainfed agriculture.
Henry et al. (2004) revealed that drought in Burkina Faso increased rural-rural migration by
men but reduced their international migration as well as the rural-urban migration of
women. Badiani and Safir (2008) showed that, in six villages in rural India, temporary
migration decreased with rainfall for agricultural households and increased with rainfall for
wage laboring households. Finally, Gray and Bilsborrow (2010) found that droughts in
Ecuador increased local moves and international migration but decreased internal migration,
perhaps due to the relative poverty of most internal migrants. Together these studies are
largely consistent with the idea that when rainfall increases agricultural opportunities in the
origin area, migration decreases from agricultural households. Nonetheless the Burkina Faso
and Ecuador cases provide interesting counterexamples where drought decreased migration,
perhaps reflecting a decline in access to the capital needed for costly migrations.
Multivariate studies have also investigated the migratory response to large-scale natural
disasters. Halliday (2006) showed that a large earthquake in El Salvador had negative effects
on international migration, likely because international migrants returned to work in
damaged areas. Gray et al. (2009) found that the Indian Ocean tsunami in Indonesia led to
high rates of displacement, but that potentially vulnerable households were not
disproportionately affected. In the very different context of the United States, several studies
have also examined migration after Hurricane Katrina, revealing that poor and African-
American households were disproportionately vulnerable to flood damage and long-term
displacement (e.g., Stringfield 2009). These studies suggest that environmental shocks have
complex effects on migration that are not fully consistent with the Neo-Malthusian
narrative: adverse environmental conditions often increase migration by vulnerable
populations, but not always.
Ethiopia is of particular interest in the study of environmentally-induced migration because
of its deep poverty and long history of environmental, economic and political shocks. Our
research builds on three previous studies which have examined migration in Ethiopia in
context of war, famine and shifting rights to land. Berhanu and White (2000) used
retrospective migration data for the period 1960-1989 to show that rural-urban migration by
women increased during periods of armed conflict but was not affected by periods of
famine. Ezra and Kiros (2001) used a similar approach to show that rural out-migration from
1984-1994 was higher from communities that were perceived to be more vulnerable to
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shocks. Finally, de Brauw and Mueller (2010) used the ERHS data described below to
investigate the relationship between rural out-migration and the security of land tenure in an
environment of changing land rights.
Our study contributes to these literatures by drawing on a unique panel dataset that includes
1500 households from a large geographic area over a ten-year period. Building on the
richness of this data, we contribute three important innovations to the study of
environmentally-induced population mobility. First, we consider both the distance and
motivation of moves, improving on previous studies which have often treated all moves
uniformly and/or ignored local and marriage-related moves. These moves represent a large
proportion of population mobility and are likely to respond to drought differently than
longer-distance and labor-related moves which have commonly been the focus of research.
Second, we examine these processes separately for men and women, which is important
because marital arrangements (Fafchamps & Quisumbing 2005a) and labor participation
rates differ significantly between men and women in Ethiopia (Quisumbing & Yohannes
2005). By doing so, we contribute to a growing number of quantitative studies which
consider how gendered social structures influence the process of migration (Davis &
Winters 2001; Curran & Rivero-Fuentes 2003).
Our third core innovation relates to the measurement of drought, which previous studies
have measured primarily via annual rainfall totals from weather stations (e.g., Munshi
2003). This approach ignores the timing of rainfall, which is equally important from an
agronomic perspective, as well as the detailed environmental knowledge held by rural
households (Meze-Hausken 2004). Instead, we draw on household self-reports of drought,
satellite measures of daily rainfall, and a model predicting self-reported drought to build
three alternative measures of drought and to test the robustness of our findings. This study
thus adds to a small number of previous studies of migration which have drawn on both
survey and spatial measures of environmental conditions (Gray 2009; Gray & Bilsborrow
2010).
4. THE ETHIOPIAN RURAL HOUSEHOLD SURVEY
(a) Data collection
We use data from the Ethiopia Rural Household Survey (ERHS) which has collected panel
data from approximately 1500 households from 15 rural communities over a fifteen-year
period. The duration, sample size and geographic scope of this data collection make ERHS
unique among household surveys from East Africa, and among a handful of such surveys in
the developing world as a whole. The data were collected by the International Food Policy
Research Institute, Oxford University, and Addis Ababa University and are publically
available (Dercon & Hoddinott 2009). The study communities (Figure 1) were originally
selected as a judgment sample intended to be approximately representative of the rural
highlands, and comparisons with the census indicate that the communities are similar to the
rural highlands as whole (Dercon & Hoddinott 2009). Data collection in the full set of
fifteen communities began in 1994 and additional rounds were conducted in 1995, 1999,
2004 and 2009. Within the study communities, households were sampled through a stratified
random sample, and then linked across rounds based on residence of the male head or, in his
absence, the majority of household members. Attrition of the panel has been low at 1-2% of
households per year (Dercon & Hoddinott 2009).
Data collection in each round included the implementation of a structured questionnaire in
each sample household. This questionnaire collected information on demographic
composition, assets, expenditures, agricultural activities, and other individual and household
characteristics, and it retains many common elements across rounds. Previous studies using
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this dataset have investigated the consequences of shocks for household well-being (e.g.,
Dercon et al. 2005), participation in traditional risk-sharing networks (e.g., Dercon et al.
2008), and the impacts of development policies (e.g., Quisumbing 2003; Caeyers & Dercon
2008), among other topics. Our analysis, described below, draws on the 1999, 2004 and
2009 rounds and specifically on histories collected in 2004 and 2009 of household exposure
to shocks and the departure of household members.
(b) Study areas
From an agroecological perspective, the study communities are characterized by rugged
topography, temperate to subtropical climates with seasonal rainfall, and a dependence on
smallholder agriculture as the primary livelihood strategy. The communities range in
elevation from 1200 m to 2900 m and in mean annual rainfall from 470 mm to 1300 mm.
Rainfall is highly seasonal, falling mostly during a summer kiremt season, the primary
agricultural season, but in many areas also during a shorter spring belg season. Interannual
variation in rainfall is also high, with droughts occurring in 1999, 2002-2003, 2005 and
2008, as well as earlier and with disastrous consequences in the mid-1980’s (EMDAT
2010). Government food aid and food-for-work programs have been put in place, but are not
able to fully relieve the effects of drought (Clay et al. 1999; Caeyers & Dercon 2008).
Rural households are primarily dependent on smallholder agriculture, which is focused on
the cultivation of grains in dryer areas (teff, barley, wheat, maize and sorghum) and on
perennials in wetter areas (enset, coffee and khat) using animal traction or hoe plowing.
Livestock are an important form of wealth, but the median household owned only the
equivalent of two cattle in 2004. Following the nationalization of land in the 1970’s, land
legally belongs to the state but households have use rights that in many areas have been
formalized through land registration and certification programs (Deininger et al. 2008). The
population pressure on land is significant and the median household cultivated only 1 ha in
2004.
From a cultural perspective, the study communities are diverse and retain many traditional
practices, as described by the survey data and a series of ethnographies conducted in the
1990’s (Bevan & Pankhurst 1996). More than ten ethnicities are represented in the sample as
well as large numbers of Orthodox Christians, Catholics, Protestants and Muslims. Marriage
practices differ significantly between ethnicities, but most commonly marriages are arranged
by parents and both households provide gifts. The couple then moves to the husband’s
parents’ household and later establishes an independent household drawing on land and
livestock from the husband’s family (Ezra 2003; Fafchamps & Quisumbing 2005b).
Polygamous marriages and/or divorce are accepted in some contexts. Men are the primary
agricultural laborers but women also participate in many agricultural tasks in addition to
providing the majority of labor for home production. Agricultural work is also regularly
shared through traditional labor-sharing and oxen-sharing practices, but agricultural wage
labor also occurs. The burden of risks such as illness is also shared through traditional burial
societies, saving associations, religious societies and kin networks (Dercon et al. 2008).
From a development perspective, the study communities are characterized by severe
poverty, lack of infrastructure, and low levels of migration. In both 2004 and 2009, 35-40%
of households reported insufficient food consumption in the previous month. Most homes
are constructed of wood or mud with thatched roofs and dirt floors with a single sleeping
area, and most communities do not have access to electricity, piped water or paved roads.
Additionally, most household heads have no formal education and very few participate in
non-agricultural wage labor. Significant long-distance rural-rural migration occurred during
armed conflicts in the 1970’s and as part of state-led resettlement schemes during the
droughts of the 1980’s. However subsequent governments placed significant restrictions on
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rural-urban migration, and current rates of migration and urbanization are low (Berhanu &
White 2000; World Bank 2005).
5. ANALYSIS
To investigate the effects of drought on mobility, we conducted an event history analysis
through several steps as described below. First, we used the survey data described above to
build a person-year dataset containing multiple measures of mobility. Second, we used
aggregated household-level reports of drought and satellite measurements of rainfall to
construct multiple measures of community-level drought. Third, we constructed several
control variables at individual, household and community levels to account for other
influences on mobility. Fourth, we examined the effects of drought on mobility while
controlling for other factors by using multivariate event history models. Finally, we
conducted an analysis of attrition among individuals in the panel.
(a) Person-year dataset
We first used the survey data described above to build a longitudinal dataset on individuals
at risk of mobility. In the ERHS questionnaires, rosters collect information on both current
household residents and previous household residents who have either departed or died,
including on the timing and destination of departures. Using existing identifiers and a
supplementary within-household age-sex match, we linked roster data on individuals
resident in 1999 to roster data from the 2004 and 2009 surveys. We excluded one
community (Sirbana Goditi), where individual identifiers were inconsistent across rounds,
leaving 14 communities for the analysis. Individuals who were present in 1999 and were
reported to have departed the origin household in 2004 or 2009 were considered to be
movers2. We refer to these individuals as movers rather than migrants because some moved
only a short distance, as described below. Consistent with previous studies (Berhanu &
White 2000; Ezra & Kiros 2001), mobility occurred overwhelmingly among individuals
aged 15-39 during the study period who were not the head of household or spouse of the
head in 1999, and this population was defined to be at risk of mobility.
Individuals not at risk of mobility were excluded from the analysis, as were those died in the
interval, departed the household before age 15, or were lost to follow-up after 1999 (see (e)
Attrition). A small additional number were excluded who had missing data on the timing of
mobility. Following these exclusions, the dataset contains 1,667 adult men and 1,454 adult
women at risk of mobility, of whom 702 men and 711 women departed the household. This
individual-level dataset was then converted into a person-year dataset in which each case is
a year in the life of a person at risk for mobility. Individuals enter the dataset in 1999 or
when they turn fifteen years old, and leave the dataset when they depart the household, turn
forty years old, or are censored at data collection in 2009. Men contribute 9,268 person-
years to the dataset and women contribute 7,435 person-years. The annual rate of mobility
for men was 7.6% for men and 9.6% for women.
In addition to the dichotomous measure of mobility defined above, mobility was
decomposed into two multinomial outcomes based on distance and motivation. Firstly,
movers were classified as (1) having remained with the district (i.e., woreda) versus (2)
having moved outside of the district. Men made 411 moves within the district and 284
outside the district, whereas women made 457 within-district moves and 247 out-of-district
moves. Data on the distance of moves was missing for 7 men and 7 women. Secondly,
2This definition excludes as movers individuals who departed and then returned prior to the subsequent survey round as data their
movements was not collected. However only 5% of movers who departed prior to 2004 had returned by 2009, suggesting that the
number of returnees missed by this definition is low.
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movers were classified as (1) moving to initiate or search for employment (i.e., labor
mobility), (2) moving in association with marriage (either to the spouse’s origin household
or to an independent household), or (3) making other kinds of moves, which were primarily
for schooling or to live with other family members. Men made 226 labor-related moves, 266
marriage-related moves, and 206 other moves. Women made 108, 439 and 161 of these
types of moves respectively. Data on the motivation of moves was missing for 4 men and 3
women. For both men and women, local moves were primarily for marriage (60% of local
moves by men, 75% by women) followed by “other” motivations (27% by men, 21% by
women). For women, distant moves were also most commonly for marriage (39%), followed
by work (35%), but among men distant moves were primarily made for work (60%),
followed by “other” reasons (32%).
(b) Measures of drought
To examine the influences of drought on mobility, we constructed three measures of drought
using the household survey data and satellite data on rainfall. Our primary measure of
drought, drawing on the household survey, is the proportion of households in the community
that reported exposure to a drought in the previous year (t-1), multiplied by ten to produce a
score that ranges from one to ten. Thus the mean value of 1.41 can be interpreted as 14.1%
of households reporting a drought (Table 1). This measure draws on households’ detailed
knowledge of local environmental conditions. Additionally, by aggregating this measure to
the community level, we construct a continuous measure of drought intensity and avoid the
potential endogeneity of household drought reports to response strategies. Reported drought
peaks in 2002 and 2008, with considerable variation in intensity across communities, which
is consistent with other reports of drought intensity (EMDAT 2010) and with the dispersed
locations and varying climates of the fourteen study communities. Given that most rain falls
in the latter part of the Ethiopian year and mobility can occur at any time of year, we select
the previous year’s rainfall (i.e., a one year lag) as the primary specification, but as
described below we also relax this assumption to allow multiple temporal lags as well as
nonlinear effects.
To confirm the robustness of the effects of reported drought, we also test the effects of two
additional community-level measures of drought incorporating direct measures of rainfall.
As complete data was not available for weather stations near the study communities, we
instead draw on satellite measures of rainfall from NASA’s Prediction of Worldwide Energy
Resources (POWER) dataset, which provides global daily precipitation values at 1 degree
resolution from 1997-20093 (White et al. 2008). These data were linked to the study
communities using Global Positioning System points collected in the field. Three pairs of
nearby communities were located in the same cells and thus received identical values. We
summed rainfall values for July-October4, the primary agricultural season, and then
transformed these annual totals into a normalized index ranging from zero to ten that
increases with drought5, which we refer to as the rainfall deficit. The mean value of this
measure is 5.06, and can be interpreted as representing rainfall at 94% of the community
median. This measure is positively correlated with reported drought at r = 0.29 with p <
0.001.
3At the time of preparation, rainfall data were not yet available for September and October of 2009. We interpolated July-October
rainfall for 2009 by dividing the July and August rainfall by its mean proportion of the July-October total.
4The Ethiopian calendar, used by the study communities and the ERHS questionnaire, is distinct from the Gregorian calendar and
begins in early September. We consider the July-October rains to occur in the earlier year as most rain falls in July and August.
5Rainfall deficit = (2- (raintc/median_rainc))*10-5 where raintc is the July-October rainfall in community c in year t, and
median_rainc is the median July-October rainfall in community c.
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Finally, we also develop a third measure to address the potential limitations of both reported
drought, which could reflect community-specific perception biases, and the rainfall deficit,
which ignores the timing of rainfall within the rainy season. To do this we created a
household-year dataset and used logistic regression to predict household’s reports of drought
as a function of community fixed effects and monthly rainfall totals for the previous two
years, allowing for a lag in the perception of drought (results available upon request). The
value predicted by this model, which we refer to as predicted drought, can be interpreted as
the mean level of reported drought expected in the community based on recent rainfall and
on stable community factors such the historical climate. This measure thus captures the
cross-community relationship between the timing of rainfall and perceived drought, but is
free of community-year specific factors that could have biased the perception of particular
droughts (i.e., an unsuccessful collective response). Predicted drought is highly correlated
with reported drought (r = 0.86, p < 0.001) and has the same unit of measurement.
(c) Control variables
To account for other factors that might influence mobility, we also construct several control
variables at individual, household and community scales in order to capture their previously
described effects on mobility (Table 1) (White & Lindstrom 2005). Time-invariant controls,
measured in 1999, include whether the individual was a child of the household head,
whether the household head was female, whether the head was an ethnic minority, whether a
parent of the head was important to village social life, whether the head had formal
schooling, the size of the household, the number of movers sent by the household between
1994 and 1999, agricultural land area, and the number of livestock owned by the household.
These variables measure access to resources, economic and social status, and social
networks in and outside of the community. Time-varying individual-level controls include
age of the individual and whether the individual had children. The latter serves as a time-
varying measure of marital status as a marital history was not collected. To account for other
community-level shocks that might be correlated with drought, we include time-varying
measures of exposure to the four most commonly reported shocks other than drought
(constructed in the same way as reported drought): exposure to flooding, problems with
agricultural or animal pests, problems with access to agricultural inputs (including high
prices), and problems selling agricultural products (including low prices).
(d) Event history models
To test the effects of drought on mobility while controlling for other factors, we estimate a
series of discrete-time event history models (Allison 1984). These models are appropriate to
examine exposure over time to a single risk (dichotomous model) or to a mutually exclusive
set of risks (multinomial model). The multinomial model includes one equation for each
multinomial outcome beyond the reference category, which is no mobility. To account for
baseline differences in mobility across communities, we include community fixed effects.
We also include year fixed effects to account for changes in the national context and for
artifacts arising from the timing of the surveys6.
In the multinomial model the log odds of experiencing a mobility event of type r relative to
no mobility (event s) are given by
6A community-year model indicates that the community and year fixed effects explain 58% of the variation in reported drought,
indicating that considerable variation remains for us to explore in the model.
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where πrit is the odds of mobility of type r for individual i in year t, πsit is the odds of no
mobility, αrt is the baseline hazard of mobility of type r in year t, αrc is the baseline hazard
of mobility of type r in community c, Xit is a vector of predictor variables for individual i in
year t, βr is a vector of parameters for the effects of the independent variables on mobility of
type r, and the types of mobility, r, are (1) within-district and out-of-district, and (2) labor,
marriage and other. In the dichotomous version of this model, all forms of mobility are
considered jointly.
All models include corrections for clustering at the level of the community to account for the
non-independence of households in the same community and the use of community-level
predictors (Angeles et al. 2005). For presentation, we exponentiate the coefficients of this
model to produce odds ratios, which can be interpreted as the multiplicative effects of a unit
increase in the predictor on the odds of the outcome relative to the reference outcome (i.e.,
no mobility). Due to the inclusion of fixed effects for the community and year, these
coefficients can interpreted as comparing two individuals who are exposed to the same
baseline community context as well as the same changing national context.
To fully explore the effects of drought using this approach, we estimate several dichotomous
and multinomial models of mobility, always for men and women separately. First we
estimate a simple dichotomous model incorporating the reported drought measure. Second
we expand this model by allow interactions between reported drought and the individual and
household-level controls, testing whether drought effects differ across subpopulations
beyond men and women. Third, we return to the primary specification and estimate two
multinomial models to examine how the effects or reported drought differ across the five
types of mobility described above. Fourth, to test the robustness of these results, we
reestimate the multinomial models with a variety of alternative specifications of drought.
These include multiple temporal lags, nonlinear effects, and incorporation of the rainfall
deficit and predicted drought measures described above. Finally, we use the nonlinear
specification to estimate predicted probabilities of mobility under different drought
conditions, providing an alternative estimate of the magnitude of drought effects on
mobility.
(e) Attrition
A common problem in studies using panel data is attrition or loss to follow-up. In our case,
mobility of individuals does not represent a loss to follow-up as departures are reported by
remaining household members. However, attrition did occur in the form of the departure of
entire households, individual mobility that was not reported, and miscoding of individual
identifiers across rounds. Among individuals in the 1999 data who were at risk of mobility,
16% could not be linked to data from the 2004 and/or the 2009 rounds and were thus lost to
follow-up. Among those lost to follow-up, 49% were part of whole households lost to
follow-up, likely to due to mobility of the entire household.
To examine whether loss to follow-up is likely to bias our estimates of the effects of
drought, we estimated logit models of individual and household-level attrition as influenced
by baseline characteristics, community fixed effects, and (for individual attrition) the
number of droughts reported by the household during the study period7 (results available
upon request). Household attrition (i.e., the loss of an entire household) increased with
education of the head and decreased with household size, consistent with the departure of
small, well-educated households, but was not influenced by other baseline characteristics.
7Given that the exact timing of attrition is unknown, we introduce this alternative household-level measure of drought to allow within-
community variation in exposure to drought.
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Individual attrition (i.e., the loss of an individual from a remaining household) was lower for
children of the head and higher from larger households, consistent with both mobility and
miscoding of individual identifiers, but was not influenced by other baseline characteristics.
Individual attrition was also not influenced by the total number of droughts reported by the
household for the 2000-2008 period, suggesting that our estimates of the effects of drought
are not likely to be biased by attrition.
6. RESULTS
Below we describe the results of the event history analysis of mobility, considering in turn
each of the five modeling steps described above. We comment on the effects of control
variables when of interest but, consistent with the goals of the study, focus our interpretation
on the effects of drought.
(a) The dichotomous model
Table 2 presents the results of the simple dichotomous model of mobility. For both men and
women, the effects of control variables are jointly highly significant and consistent with
previous studies of internal migration in the developing world. Mobility peaked at ages
30-49 for men and ages 25-29 for women. For both groups mobility was lower for children
of the household head and individuals with children, reflecting stronger ties to the origin
household. Mobility also increased with household size, indicating a crowding effect given
that land and livestock resources are controlled. Additionally, men’s mobility increased with
the number of livestock and marginally decreased with pest problems, and women’s
mobility increased with problems obtaining agricultural inputs.
The effect of drought on mobility was positive and highly significant (p = .002) for men, but
negative and non-significant for women. For men, a 10% rise in the proportion of the
community reporting drought was matched by a 10% increase in the odds of mobility. This
result is consistent with a simple model in which drought serves as a push factor for
migration, particularly for men who are the primary labor migrants. Below, however, we
complicate this story by allowing the effects of drought to differ between subpopulations
and across different types of mobility.
(b) Interactions with drought
Table 2 also presents an expansion of the dichotomous model in which the effects of the
individual and household-level controls are allowed to interact with drought, testing whether
drought effects are the same across subpopulations. The interactions are jointly highly
significant for both men and women. For women, the drought effect remains non-significant
for the reference category but becomes significantly negative for women with children. The
drought effect also becomes significantly larger for women ages 30-49 and for women in
households with a female head, as well as smaller in households where a parent of the head
was socially important in the village. For men, the main drought effect remains positive and
significant but becomes smaller as household land area increases. These results suggest a
more complex story in which certain groups are more affected by drought, particularly
women with children, who move less often, and men from land-poor households, who move
more often. In indicating that land-poor households are more vulnerable to climate-induced
mobility, these results are also consistent with a growing literature on vulnerability to
environmental change (Adger 2006).
(c) Multinomial models
Table 3 presents an additional extension of the dichotomous model by allowing the effects
to differ across categories of mobility defined by distance and motivation. Due to space
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limitations we do not comment in detail on the effects of control variables but observe that
overall they are consistent with expectations. Notable results for men include increases in
local and marriage mobility with age and livestock, and increases in labor mobility with
minority ethnicity and migrant networks. Notable results for women include decreases in
labor mobility with land and livestock, and increases in labor mobility with minority
ethnicity and problems obtaining agricultural inputs.
The multinomial approach reveals that the positive effects of drought on men’s mobility are
significant only for long-distance mobility (i.e., migration) and labor mobility, the odds of
which increase 18% and 13% respectively with a 10% increase in the proportion reporting
drought. This result suggests that men are responding to drought with long-distance and
labor mobility in order to supplement household income, consistent with expectations. The
effects of drought on women’s mobility remain non-significant for most outcomes but
become strongly negative for marriage mobility. This result suggests that, consistent with
ethnographic reports (Ezra 2001), women’s marriage mobility is delayed in times of drought
to limit potentially high bride-wealth expenses associated with marriage (Fafchamps &
Quisumbing 2005b). That this effect is significant for women’s marriage mobility but not
men’s can be explained by the fact that, as noted above, their marriage mobility commonly
occurs at different times: women first move to the home of their father-in-law, and the
couple later forms an independent household. This result provides an interesting counter-
example to the dominant narrative of environmentally-induced migration given that mobility
decreases with drought.
(d) Alternative specifications of drought
In Table 4, to test the robustness of these findings, we present four alternative specifications
of the drought effects on the two multinomial outcomes. Overall, the results indicate the
effects described above are quite robust to alternative specifications and measures of
drought. Alternative specification 1 allows a nonlinear effect of reported drought on
mobility. Reported drought values greater than 2.0 were considered to be moderate drought
and values greater than 4.0 were considered to be severe drought, corresponding to the 70th
and 90th percentiles respectively of the reported drought distribution at the community-year
level. This specification reveals that the positive effects of drought on men’s labor and long-
distance mobility are primarily due to the consequences of severe drought, as expected given
the right-skewed distribution of reported drought. For women, however, moderate drought
has a larger negative effect on marriage migration than severe drought, and moderate
drought also significantly reduces short-distance moves. These results suggest that the desire
to lower the number of consumers in the origin household might partially counteract the
desire to limit marriage-related expenses (perhaps to less-desirable spouses) in times of
severe drought.
Alternative specification 2 returns to the linear specification of drought but allows effects of
reported drought in year of mobility (year t) as well as from the previous year (year t-1).
(We also tested for effects of drought from years prior to year t-1, but these were
consistently non-significant and are not shown.) Specification 2 reveals that the significant
positive effects of drought on men’s labor mobility extend into the year of mobility, but that
other effects year t are marginally significant or non-significant. Alternative specifications
3-4 replace reported drought with the rainfall deficit and predicted drought respectively, but
retain the year t and year t-1 specification to allow lags in how deficits in rainfall are
perceived as drought. Overall, the effects of these two measures of drought are qualitatively
similar to those of reported drought, with a few notable differences. The positive effects of
drought on men’s labor and long-distance mobility occur primarily in year t instead of year
t-1, which may reflect mental “backdating” of perceived droughts to include earlier dry
periods. For women, the previously non-significant effect of drought on short-distance
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mobility becomes significant and a positive effect of drought on (relatively rare) labor
migration becomes evident, but the negative effect of drought on marriage mobility is robust
to these changes.
(e) Predicted probabilities of mobility
Finally, in Table 5 we present predicted probabilities of mobility derived from the nonlinear
model described above (alternative specification 1). These values provide a clearer view of
the magnitude of differences in mobility under varying drought conditions. For men, this
analysis reveals that, as conditions change from no drought to severe drought, the rate of
total mobility increases from 5.7% to 9.8% of individuals per year, the rate of labor mobility
increases from 1.4% to 2.6%, and the rate of long-distance mobility increases from 1.7% to
4.8% (i.e., nearly triples). Among women, a change from no drought to moderate drought
reduces total mobility from 8.3% to 5.5%, short-distance mobility from 4.9% to 2.9%, and
marriage mobility from 4.8% to 2.6%. Thus the magnitudes of drought effects on migration
are relatively large, though not large enough to depopulate communities as envisioned under
worse-case scenarios.
7. CONCLUSIONS
Our results provide robust evidence that drought has important consequences for population
mobility in rural highland Ethiopia. Among men, labor-related movements and migration
out of the district more than doubled under severe drought, with total mobility reaching 10%
of adult men per year. Men from land-poor households were most vulnerable to these
effects, presumably due to a lesser ability to cope with drought. These results support the
common observation that mobility serves as a key coping strategy following drought, as
well as the frequent assumption that the poor are most vulnerable to these effects. However,
the results for women significantly complicate this story. Women’s short-distance and
marriage-related mobility were reduced by half under moderate drought, reflecting a
decreased ability to finance wedding expenses and new household formation. These results
emphasize the importance of nonlinear environmental effects on mobility, as well as the
potential for environmental shocks to reduce instead of increase population mobility.
Together these results contribute to a pattern emerging from the small number of previous
demographic studies of environmentally-induced population mobility: Adverse
environmental conditions often increase mobility, but not always. Instead, consistent with
migration theory, mobility remains selective with important barriers to participation, and
adverse conditions can actually reduce mobility by undermining the necessary resources.
The generality of this hybrid narrative of environmentally-induced population mobility is
now supported by several quantitative studies (e.g., Henry et al. 2004; Halliday 2006; Gray
2009; Massey et al. 2010), and should give policy-makers pause before they accept the
common narrative of inevitable large-scale displacement occurring under future climate
change (e.g., Myers 2002; Warner et al. 2009). Regarding Ethiopia specifically, a warmer
climate with more variable rainfall would likely accelerate the effects described here, but
current models project higher rainfall for highland Ethiopia under future climate change (De
Wit & Stankiewicz 2006).
This study also has important implications for research methods in the field of
environmentally-induced migration. Publications in this field are characterized by a very
high ratio of review and theoretical papers to empirical analyses, with the former often
arguing that there is no generalizable methodology for testing environmental influences on
population mobility (e.g., Laczko & Aghazarm 2009). We disagree and hope that other
investigators will take note of the approach described here and apply it in new contexts,
improving our ability to generalize. We use data from an unique long-term panel survey
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with specific questions about environmental shocks and supplement with additional
geospatial data, but important progress can also be made using shorter-duration panel
surveys (e.g., Halliday 2006) and specially designed retrospective surveys of migration (e.g.,
Henry et al. 2004). In many contexts, however, new data collection will be required, and we
hope that these concerns will inform a new generation of longitudinal surveys that
increasingly take environmental factors into account.
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Map of Ethiopia with the study communities.
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Table 2
Results of the dichotomous models of mobility, including odds ratios and significance tests.
Predictor Men Women
Dichotomous Interactions Dichotomous Interactions
Age 15-19 0.42 *** 0.39 *** 0.36 *** 0.37 ***
Age 25-29 1.76 *** 1.81 *** 1.32 ** 1.37 **
Age 30-49 2.16 *** 1.92 * 0.66 0.56 *
Child of head 0.43 *** 0.40 *** 0.61 *** 0.53 ***
Has children 0.26 *** 0.29 *** 0.18 *** 0.26 ***
Female head 1.06 1.07 0.95 0.79 +
Ethnic minority 1.04 0.90 1.09 1.02
Parent socially important 0.86 0.84 0.87 1.01
Head has schooling 0.98 1.00 0.87 + 0.80 *
Household size 1.05 *** 1.06 *** 1.05 *** 1.06 ***
Previous migrants 1.06 1.06 1.24 ** 1.24 **
Ln(land area+1) 0.99 1.13 1.00 1.04
Livestock units 1.04 ** 1.06 ** 0.97 0.96 +
Output problems t-1 1.01 1.00 0.92 0.92 +
Input problems t-1 0.99 0.98 1.11 *** 1.13 ***
Pest problems t-1 0.83 + 0.85 + 0.96 0.97
Flooding t-1 1.08 1.05 1.01 1.02
Reported drought t-1 1.10 ** 1.15 * 0.98 0.96
Drought X Age 15-19 1.05 0.98
Drought X Age 25-29 0.99 0.98
Drought X Age 30-49 1.09 1.13 **
Drought X Child of head 1.04 1.12
Drought X Has children 0.93 0.70 +
Drought X Female head 0.99 1.12 *
Drought X Ethnic minority 1.08 1.02
Drought X Parent socially important 1.01 0.89 ***
Drought X Head has schooling 0.99 1.06 +
Drought X Household size 1.00 0.99
Drought X Previous migrants 1.00 1.02
Drought X Ln(land area+1) 0.91 ** 0.98
Drought X Livestock units 0.99 1.01
Joint tests
Interactions - 3716 *** - 193 ***
Community fixed effects 1.E+05 *** 2.E+04 *** 48311 *** 77579 ***
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Predictor Men Women
Dichotomous Interactions Dichotomous Interactions










Drought X = Interaction with reported drought
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